[Abstract] Karyogamy, a migration of the sperm nucleus toward the egg nucleus and their subsequent nuclear fusion, is an important biological event for initiating zygote formation toward early embryogenesis in angiosperms. However, how the male nucleus approaches and fuses with the female nucleus still remains unclear. Recently, time-lapse measurement of nuclear volume during karyogamic events revealed that the sperm nucleus enlarges during contact with the egg nucleus via possible one-directional migration of egg chromatin into sperm nucleus (Ohnishi et al., 2014) . Here, we describe the protocol for microscopic observation, three-dimensional reconstruction, and volume measurements of sperm nuclei in rice zygotes/fused gametes, which are produced by an in vitro fertilization system (Uchiumi et al.,
A. Sperm cell isolation and microscopic observation of sperm nuclear membrane 1. Overlay the siliconized coverslip with 0.3 ml mineral oil and make several 1-2 μl mannitol droplets (370 mosmol/kg H2O) inside the mineral oil on the coverslip ( Figure 1C ) using a glass capillary connected to a handling injector. Take care that the droplets have no access to the air ( Figure 1D ).
2. Dissect an unopened flower from the transgenic rice plants expressing SUN2-GFP to obtain anthers under a dissecting microscope (Figure 2A and B). (Okamoto, 2011) . By using a glass capillary connected to a handling injector, transfer an egg cell in a mannitol droplet on a coverslip prepared in step A1
( Figure 3D and E).
3. Collect sperm cells expressing SUN2-GFP as described in step A, and transfer a sperm cell into a mannitol droplet with an egg cell from step B2.
4. Electro-fuse the sperm cell and the egg cell in the droplet according the previous protocol (Okamoto, 2011) . Briefly, an egg cell was fixed at one electrode under an alternating current field, and a sperm cell was aligned with the egg cell. Cell fusion is induced by applying a single negative direct current pulse, resulting in production of a fused gamete (zygote). image is automatically generated ( Figure 4A ).
2. Adjust the size of the 3D image for image manipulation (software operation: Edit-Crop 3D) ( Figure 4B ).
